On fast ions in CHS
NBs for heating Diagnostic NB
The CHS was equipped with two NB injectors. One (NB#1) can provide P nb of 800 kW with E b of 40 keV. The NB#1 was capable of varying the injection angle from tangential to perpendicular direction in order to explore efficient heating condition. The other (NB#2) provides P nb /E b of 800 kW/32 keV.
In the Higashiyama site, two NBs were injected in the balanced manner to study confinement property of low-aspect-ratio helical plasma in the net current free condition.
When CHS was moved to the Toki-site, NB injectors were rearranged so as to inject beams in the same direction. NBs have been typically co-injected to obtain efficient plasma heating.
Beam ions also have played an important role for the studies of fast-ion-driven MHD instabilities such as TAE and EPM since they can be free energy source to destabilize those instabilities.
A diagnostic neutral beam (DNB) injector (E b <40 keV, P nb~5 0 kW) was convenient for the detailed study of loss cone structure.
The DNB as a test particle source is characterized by the narrower beam and much lower P nb than NBs for heating. • E=38 keV, initial v // /v = 0.8.
• Beam ions are launched on the outboard side of the torus (R>R ax ). • Location of scintillation light due to impact of fast ions involves both information of pitch angle and energy of lost fast ions.
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Gyroradius centroid P i t c h a n g l e DLP was designed to be tough for heat load so as to insert into an NB-heated plasma, providing local information of fast ion behavior in an interior region of CHS plasma.
Neutron measurement
Neutron measurement provides information of global confinement of NB-injected fast ions.
In our experiments, D-D neutrons were generated by injecting 1 % deuterium-doped hydrogen NB of which pulse duration was less than 5 ms into deuterium ECRH plasmas at the Higashiyama site.
When D 0 beam is injected into the deuterium plasma, the total neutron emission rate S n is dominated by neutrons generated from beamtarget reactions and can be scaled as S n n d n fd < v> D-D Here, n d and n fd represent deuteron (D + ) density in the target plasma and fast D + beam density, respectively.
Neutron decay time predicted by classical slowing down model after NB turn-off :
If we take account of beam ion loss, the experimental decay n-exp is expresses as 1/ n-exp 1/ c + 1/ n-class
BF 3 proportional counter
In CHS at Higasiyama-site (~1999),
• 10 BF 3 and 3 He proportional counters • Fast plastic scintillator were employed. Perpendicularly injected NB could no increase plasma stored energy in R ax /B t of 0.921 m/1.5 T, suggesting poor confinement of helically trapped beam ions.
Although particle orbit is expected to be improved as the plasma column is shifted inward, NPA viewing perpendicularly showed significant depletion on the energy spectrum of beam ions even for R ax of 0.878 m. Perpendicularly injected beam ions are not well confined as expected.
Confinement of tangentially co-injected beam ions
D-D neutrons were generated by injecting 1 % deuterium-doped hydrogen NB of which pulse duration was less than 5 ms into deuterium ECRH plasmas at the Higashiyama site. In B t of 0.88 T, beam ion losses were particularly significant in the long slowing down time regime whereas losses in B t of 1.76 T were largely suppressed. Losses of co-going transit beam ions were interpreted as the multiplier effects of strong deviation of orbits from the flux surfaces toward the outboard side and resulting high probability of charge exchange loss in a peripheral region where neutral density is high. • Short pulse heating NB(~4 ms) is tangentially co-injected into ECRH plasma.
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Check of energy loss rate of beam ions
• NPA line of sight is set to be tangential to detect co-passing beam ions.
• n e ~ 0. • In the initial half of the discharge (t<105 ms), repetitive bursting magnetic fluctuations are seen.
• This mode is diagnosed to be m/n=3/2, rotating in the ion-diamagnetic direction.
• It is characterized by a rapid frequency downshift with a time scale < 1 ms.
• As v b// /v A increases, the bursting modes having f<100 kHz disappear and weaker fluctuations having higher frequency (f>100 kHz) become more intense.
• The higher frequency modes are strongly destabilized when the condition of v b// /v A >1/3 is fulfilled.
• The mode numbers are measured as n=1/m~2.
• This mode also propagates in the iondiamagnetic direction. • The frequency of repetitive bursting modes is appreciably located below the TAE gap frequency.
• The m number is specifically identified without mixing.
• Bursting nature.
Observed bursting modes are the socalled EPMs.
• In regard to higher frequency instabilities (f>100 kHz), they are thought to be corelocalized TAEs.
• The shear Alfvén spectrum calculated with the experimental parameter range suggests that the observed mode with f>100 kHz is n=1 TAE.
• The condition of the sideband excitation for TAE, i.e. v b// /v A >1/3 is satisfied. • Measured gyro-radius is consistent with that of ions having E b .
• During EPM, scintillation light intensity in more parallel pitch angle domain significantly increases. This is because the NPA signal contains information of fast ions in the interior region of plasma.
• These observations tell us, 1) Anomalous transport of fast ions begin right after EPM is excited. 2) EPMs cause significant effects on fast ion transport, leading to rapid loss of fast ions. 3) EPMs are stabilized after an expulsion of fast ions. The increase of NPA flux is always earlier than that of the SLIP
